Tests of everyday action semantics were developed and piloted in a group of healthy adults (n = 53) and then administered to individuals with Alzheimer's disease (AD; n = 17) or Parkinson's disease dementia (PDD; n = 20). Relations between everyday action knowledge and everyday function were explored. Three action semantic tests were developed: Probe Test -45 forced-choice questions regarding task sequences, objects, and steps; Picture Sequencing Test -sequential ordering of 4-5 cards depicting task steps; Script Test -open-ended verbal description of the steps required to complete everyday tasks. Cognitive tests, informant reports of functioning, and the Naturalistic Action Test (NAT), a performance-based test of function, also were administered to AD and PDD participants. NAT performance was scored for omission (failure to complete steps) and commission (inaccurate performance of step) errors. The AD and PDD groups performed worse than healthy participants on all action semantic tasks. AD and PDD groups significantly differed on only the Script Test -AD participants generated fewer correct steps. Performance on each of the action semantic tests significantly correlated with NAT omission errors. Only the Sequencing Test significantly predicted omissions, commissions, and informant report of everyday functioning. In sum, task knowledge is associated with omissions in everyday tasks and is impaired in both AD and PDD. The ability to accurately sequence task steps is associated with multiple aspects of everyday function and may be easily assessed with picture arrangement.
2016; Royall, Lauterbach, Kaufer, Malloy, Coburn, & Black, 2007) . Significant relations between measures of executive function and overall level of functional impairment have been reported in a wide range of patient populations (Farmer & Eakman, 1995; Kessler, Giovannetti, & MacMullen, 2007) , including dementia (Royall et al., 2007) . In studies of dementia participants, episodic memory also frequently has been associated with level of everyday functioning (Royall et al., 2007) .
Recently, studies using performance-based measures and detailed error analyses have shown that everyday function is multidimensional, with executive functions and episodic memory and their corresponding neural substrates associated with specific functional 'components' (Devlin, Giovannetti, Kessler, & Fanning, 2014; Giovannetti et al., 2008) . Executive functioning and intact white matter volumes have been specifically associated with everyday errors of commission, which reflect inaccurate task performance due to distractibility, mis-sequencing of task steps, perseveration, or inappropriate object/tool selection. By contrast, measures of episodic memory and hippocampal/medial temporal lobe volumes have been associated with the failure to complete large task segments (Bailey, Kurby, Giovannetti, & Zacks, 2013; Seidel et al., 2013) . The 'OmissionCommission' model has been proposed to conceptualize the multidimensional nature of everyday action impairment . Consistent with this model, a recent study showed that compared to participants with Alzheimer's disease (AD), who presented with significant episodic memory impairment, individuals with Parkinson's disease dementia (PDD) made a comparable number of everyday action errors but showed a pattern of significantly fewer omissions and more commission errors (Giovannetti et al., 2012; Giovannetti, Seligman, Britnell, Brennan, & Libon, 2015) .
Cognitive processes other than executive function and episodic memory have not yet been incorporated into the Omission-Commission model, partly because other cognitive processes have not been systematically examined in relation to the functional difficulties in dementia. A more comprehensive picture of the cognitive deficits associated with functional disability in dementia is important to inform prevention strategies and to develop effective interventions. Semantic impairment is commonly reported in dementia due to AD (Adlam, Bozeat, Arnold, Watson, & Hodges, 2006; Verma & Howard, 2012 ) but has not been as extensively studied in people with other dementia syndromes, such as Parkinson's disease (with or without dementia). Nevertheless, the majority of papers in this relatively small literature attribute PD impairments on semantic fluency tasks (Randolph, Braun, Goldberg, & Chase, 1993) and tests of script knowledge (Godbout & Doyon, 2000; Zalla et al., 1998 Zalla et al., , 2000 , to various executive processes (e.g., poor retrieval, sequencing, switching) rather than degraded semantic knowledge per se (Zalla et al., 1998 (Zalla et al., , 2000 . However, significant semantic disruption that could not be explained solely by executive deficits has been reported in people with Parkinson's disease without dementia (PD; Henry & Crawford, 2004; Portin, Laatu, Revonsuo, & Rinne, 2000) , and others have acknowledged the complexity surrounding the mechanisms for poor performance of PD participants on semantic tasks (Arnott, Chenery, Murdoch, & Silburn, 2001) .
It is important to understand semantic deficits in dementia, as they may play a role in everyday functional impairment. Individuals with degraded knowledge of task goals and steps may lack clear information to guide object selection and task performance. In fact, Kirchberg et al. (2012) reported a significant association between semantic abilities, as measured by a semantic distance task, and everyday functioning in people with AD and amnestic mild cognitive impairment (aMCI). When included in a multivariate model with other neuropsychological measures, the semantic distance test and a measure of episodic memory significantly predicted everyday function; tests of executive function and naming did not emerge as significant predictors. Kirchberg and colleagues' results suggest that semantic difficulties, which have been extensively documented in AD, are observed early in the disease (i.e., in aMCI) and contribute to functional difficulties. Gold, Park, Murphy, and Troyer (2015) examined tool and object knowledge in relation to everyday function in a group of participants with aMCI; results showed semantic knowledge was associated with omission errors but not commission errors. Investigators have shown evidence for impaired learning and consolidation of novel complex motor sequences (see Doyon et al., 2009 for a review) and complex novel tools (Fernandes, Park, & Almeida, 2017) , but to our knowledge, relations between semantic knowledge for familiar tasks and objects and everyday function have not been investigated in people with PD/PDD.
When considering relations between semantic knowledge and everyday function, it is important to consider the type of knowledge that might be most relevant, as dissociations in knowledge for specific categories have been widely reported (Caramazza & Mahon, 2003; Saffran & Schwartz, 1994) . It is conceivable that individuals with degraded animalspecific knowledge would have spared task/object semantics and no problems performing everyday tasks. Kirchberg et al. (2012) evaluated only size judgements for a range of animate and inanimate objects (e.g., insects, houses). It is possible that the relation between semantics and everyday function would have been stronger if the semantic evaluation focused exclusively on knowledge of everyday tasks/objects. Case reports of individuals with semantic dementia have examined the role of object knowledge in everyday activities (Buxbaum, Schwartz, & Carew, 1997; Funnell, 2001; Hodges, Bozeat, Ralph, Patterson, & Spatt, 2000; Lauro-Grotto, Piccini, & Shallice, 1997; Snowden et al., 2001 ), but results have been inconclusive. Some investigators have argued that deficient object knowledge in semantic dementia may be compensated for by intact mechanical knowledge or script knowledge (Hodges et al., 2000; Lauro-Grotto et al., 1997) .
Studies of everyday action semantics in AD and other dementia syndromes have focused on object knowledge and task (i.e., script) knowledge. Results are largely consistent with studies of general semantics, such that people with AD demonstrate degraded knowledge (Allain et al., 2008; Cosentino, Chute, Libon, Moore, & Grossman, 2006; Grafman et al., 1991) . People with PD or dementia syndromes that predominantly affect the prefrontal cortex (i.e., behavioural variant FTD) tend to produce as many task steps as controls on tests of script generation, but demonstrate sequencing errors when asked to generate, sort, or comprehend script steps (e.g., Cosentino et al., 2006; Godbout & Doyon, 2000; Tinaz, Schendan, & Stern, 2008; Zalla et al., 1998 Zalla et al., , 2000 . PD and FTD script difficulties have been associated with executive dysfunction. Surprisingly, studies of everyday semantic knowledge in AD or PDD have not examined the importance of object or script knowledge for everyday functioning. One reason investigators have largely ignored semantic knowledge and focused on the role of executive function and episodic memory in everyday function is that there are few standardized measures of everyday semantic knowledge that are widely used in the neuropsychological literature or in clinical settings.
This study sought to address the aforementioned gaps in the literature on everyday task knowledge through three aims. The results of the first aim are reported in Part I. The first aim was to develop and pilot tests of everyday action semantics in a large group of healthy participants. Piloting was done to evaluate task instructions and items. Three tests were developed that were informed by the extant literature on semantic knowledge. A Probe Test with a forced, two-choice response option was developed to assess action semantics while minimizing demands on executive functions (e.g., planning and retrieval; Warrington, 1975) . A Picture Sequencing Test was developed to evaluate specific knowledge of serial order and minimize verbal demands (Lehmkuhl & Poeck, 1981) . A Script Test, similar to the tasks used in case studies of action semantics (Sirigu et al., 1996; Zalla et al., 1998) was developed to assess task knowledge through an open-ended verbal response.
In Part II of the paper, we address the second and third aims. The second aim was to use the novel semantic tests to examine the integrity of everyday action semantics in individuals with AD and PDD. We hypothesized that individuals with AD would perform worse than people with PDD on the tests of action semantics based on the literature on general semantic knowledge degradation in AD (Verma & Howard, 2012) . Finally, the third aim was to examine the relations between performance on tests of action semantics and everyday function as measured by performance-based tests and informant questionnaires. Consistent with findings from Gold et al. (2015) , we hypothesized that action knowledge would be more strongly related to omission errors than commission errors on performance-based tasks of everyday functioning. The results of the current study have implications for improving everyday function in dementia. If the hypotheses are supported, then prevention and intervention strategies for promoting everyday function in people with AD should include strategies to boost everyday task knowledge (Bettcher et al., 2011; Savage, Piguet, & Hodges, 2014 .
PART I: DEVELOPMENT AND PILOTING OF EVERYDAY ACTION SEMANTIC TASKS WITH CONTROLS Methods

Participants
Healthy adults (n = 53) were recruited from the community. Participants reported that they were medically healthy and screened for global cognitive impairment 
Procedures
All participants signed IRB-approved consent forms and were compensated for their time. Tests of semantic knowledge were administered along with additional cognitive tests for a larger study on the development of normative cognitive test data. The semantic knowledge tests focused on the everyday tasks used in the Naturalistic Action Test (NAT), a standardized, performance-based test of everyday function to enable direct comparison between semantic knowledge and NAT performance.
Semantic action knowledge probe task (Probe Task)
The Probe Task included questions with forced, two-choice response options about the everyday tasks included in the NAT: making toast, making instant coffee, gift wrapping, preparing a lunchbox, and preparing a schoolbag. Three different question types were developed for each of the five tasks to examine (1) step sequencing (e.g., 'When you pack a schoolbag, which step comes first: put binder in bag or zip bag?'), (2) necessary objects (e.g., 'When you pack a schoolbag, which object is best: pack toothbrush in bag or pack pencil in bag?'), or (3) the crucial steps (e.g., 'When you pack a schoolbag, which step is more important: pack thermos in schoolbag or pack ruler in pencil case?'). Three questions of each type were included for each of the five NAT tasks, yielding a total of 45 questions. To minimize working memory demands, questions about each task were asked consecutively (i.e., 15 questions about toast followed by 15 questions about coffee). There were no time limits for responses, and questions were repeated as many times as the participant requested.
Everyday picture sequencing task (Picture Sequencing Test) Participants were shown sets of colour photographs depicting the key steps of an everyday task in a standardized random order and were told that these photos showed someone completing a specific task (e.g., wrapping a gift as a present). Then, they were asked to arrange the photographs in a logical sequential order. Participants were not timed, but they were asked to inform the examiner when they were finished sorting the photos. There were six sets of photos that included a letter writing/preparation task and the five NAT tasks (toast, instant coffee, gift wrapping, lunchbox, and schoolbag). Each set contained either four or five photographs. See Figure 1 . Based on the methods described by Cosentino et al. (2006) , errors were coded as either physically implausible or conceptually implausible. Physically implausible errors included the sequencing of steps that were physically impossible. Conceptually implausible errors included sequences that were physically possible but unreasonable, inefficient, or infrequently/never produced by healthy participants. Figure 2 shows examples of physically implausible and conceptually implausible errors. Performance on this task was scored for total number of errors and number of each of the two error types.
Script generation test (Script Test)
Participants were asked to tell the experimenter all the steps needed to complete four of the five NAT tasks (toast, coffee, gift, and lunchbox) and an additional task ('prepare a letter for mailing'). The school bag task, which is part of the NAT, was not included, because it could be described in only two steps (e.g., place school supplies into a school bag and close school bag). Before participants were asked to complete script items, they were provided with an example (e.g., '. . .if I asked you to tell me all of the steps you would do to brush your teeth, you would say, . . .'). The example was provided to prime or 'calibrate' the participant to the right level of detail for the task. Participants were given unlimited time to respond, and all responses were recorded verbatim. Performance was scored for the number of predefined crux steps (i.e., a crucial step required for successful task completion; e.g., lunch box -make sandwich) and the number of non-essential steps (i.e., non-crux actions that are part of the task). Task instructions and a list of the crux steps as well as examples of non-essential steps for each task are provided in Table 1 . Crux and non-essential steps were tallied. Errors also were coded -the number of off-task steps (an action that has no benefit for completing the task) and the number of perseverative steps (any action that is repeated). Errors were tallied to form a total error score.
Results
Probe Test
The proportion of healthy participants who responded correctly to each of the 45 Probe Test items are shown in Table 2 . We expected healthy controls to perform close to ceiling on this task, and as shown, 100% of the controls responded correctly on 27 of the 45 items.
The large majority of items (43/45) had a correct response rate that was over 90%. Items with a relatively low accuracy rate were considered problematic (i.e., poorly worded, confusing). Two items showed a correct response rate <90% and were excluded in the final analysis of the test. Both of the two problematic items were from the gift wrapping task (object question -When wrapping a gift, which object is best: Put bow on box or put bow on gift? crucial step question -When wrapping a gift, which step is more important: Put bow on box or fold wrapping paper in half?). All other questions were retained; therefore, the total possible correct on the final version of this task was 43 points. Table 2 also shows the average total number of correct responses for each question type (sequence questions: max = 15, object questions: max = 14, and crucial step questions: max = 14). Figure 1 . Photographs of the steps for letter, toast, coffee, gift wrapping, lunch box, and school bag used in the Picture Sequencing Test. *These photographs could be interpreted and used in a sequence as their opposite action (e.g., 'Add ruler to pencil case' could be 'Remove ruler from pencil case'). In the lunch box task, U could only be interpreted as 'Unwrap sandwich' if it was preceded by H, which shows the wrapped sandwich. Sequences that were explained by interpreting photographs in this way were scored as conceptually implausible (e.g., OHSC or LNCHU). It was assumed in all tasks, except toast, that there could only be one of each object shown. In the toast task, it was conceivable that a second slice of bread could be taken out if O preceded T in the sequence. When this happened, the sequence was scored as conceptually implausible (e.g., OTAS). [Colour figure can be viewed at wileyonlinelibrary.com]
Picture Sequencing Test results are shown in Table 3 . Correct sequences were determined based on both plausibility and frequency. A sequence was defined as correct if it was both physically and conceptually plausible. However, for the coffee item, the sequence CFOE, was accepted as correct because of the high frequency in controls; 10 controls of 53 (18.87%) produced this sequence.
Script Test
On average, controls generated 41.5 (SD = 9.69) total correct steps, of which 25.35 (SD = 3.83) were crux steps. Error rates were low, with controls showing an average of fewer than two total errors across all items (M Script Errors = 1.84; SD = 1.97; range = 0-7).
Relations between semantic tests and demographic characteristics Correlation coefficients examining relations between semantic tests and demographic variables are shown in Correct sequences: LUNCH, NCLUH, or CNLUH. The error in this sequence includes the reversal of card U and card L; the rest of the sequence is accurate. This error was classified as physically impossible, because the sequence depicts wrapping the sandwich before making it.
Corect sequence: SCHO or CHSO. This sequence is was classified as conceptually implausible because it is inefficent to remove the school supplies from the school bag when the goal is to pack a school bag.
Corect sequence: TOAS. Although it is physically possible to add butter to bread and then place it in the toaster, this sequence is not the most reasonable approach to the task (i.e., conceptually implausible). demographic variables. Script Test variables correlated with age (older participants generated fewer crux steps), education (more educated participants generated more crux and correct steps), and MMSE (participants who scored higher on the MMSE generated more crux and correct steps). Although several correlation coefficients revealed medium to large effects, significant results did not survive Bonferroni correction for multiple analyses (.05/27; Bonferroni corrected p-value = .002).
PART I: SUMMARY
Healthy participants had little to no difficulty understanding the instructions for the novel tests of everyday action semantics. They performed at or near ceiling on most tests. Responses that were frequently reported by the controls but were not considered correct at the time of test development (e.g., frequent and plausible responses on the Picture Sequencing Test) were considered correct when scoring dementia participants' responses.
PART II: EVERYDAY SEMANTIC KNOWLEDGE IN AD AND PDD AND RELATIONS TO EVERYDAY FUNCTIONING Methods
Alzheimer's disease (AD) and PDD participants were recruited for a larger, prospective between-group study designed to compare everyday functioning in PDD versus AD participants on a range of measures, including caregiver reports and performance-based assessments of overall performance, error patterns, and responses to cues (Giovannetti et al., 2012 (Giovannetti et al., , 2015 .
Participants
Forty participants with dementia were recruited for this study from university-affiliated specialty clinics that provide comprehensive diagnostic evaluations based on input from multiple disciplines. Tests of everyday action semantics were administered to all of the PDD participants but only 17 of the AD participants. Fewer participants had script data (PDD n = 17; AD n = 14), because of audio recording failures. Diagnoses were made based on the results of the clinical evaluation and widely accepted research criteria (Gelb, Oliver, & Gilman, 1999; Lippa et al., 2007; McKeith et al., 2005; McKhann et al., 1984; Ward & Gibb, 1990) . All PDD participants were taking dopaminergic therapy and were tested in the 'on' state. The original sample has been described in prior publications (see Giovannetti et al., 2012 Giovannetti et al., , 2015 . As shown in Table 5 , the PDD and AD dementia groups did not significantly differ in age, education, or level of dementia as assessed by the Mini Mental-Status Exam (MMSE) and Dementia Rating Scale-II. However, according to caregiver reports, the PDD participants were less independent in daily activities compared to AD participants. PDD participants obtained significantly better scores on tests of episodic memory, but, unlike the findings for the original study sample, the PDD versus AD difference for the executive composite missed significance. However, within group analyses supported the original neuropsychological characterization of the sample, as AD participants obtained significantly lower episodic memory scores than executive scores (t = 3.20, p < .01) and PDD participants showed the opposite pattern (i.e., episodic memory > executive; t = 3.84, p < .01). For details regarding the neuropsychological protocol, see Supporting Information and Giovannetti et al. (2012) .
Procedures
This study was approved by the Institutional Review Boards overseeing the outpatient clinics. All participants gave informed consent, were compensated for their time, and were tested in their homes using a standardized testing table and materials supplied by the examiner. In addition to the three novel tests of everyday action semantics described in Part I, all participants with dementia completed a performance-based measure of everyday functioning (Naturalistic Action Test; NAT; described below and in Giovannetti et al., 2012) and cognitive tests of episodic memory and executive function (described in Supporting Information and in Giovannetti et al., 2012) . All dementia participants also identified an informant or caregiver, with whom they had at least weekly contact, to complete a measure of ADL/IADL independence described below.
Naturalistic action test (NAT)
The NAT assesses the impact of cognitive deficits on everyday action performance and has been described in past publications Giovannetti, Bettcher, et al., 2008; Schwartz, Buxbaum, Ferraro, Veramonti, & Segal, 2003; Schwartz, Segal, Veramonti, Ferraro, & Buxbaum, 2002; Schwartz et al., 1998 Schwartz et al., , 1999 Sestito, Schmidt, Gallo, Giovannetti, & Libon, 2005) . In brief, NAT instructions, object placement, cueing procedures, and scoring are standardized across participants. Participants are asked to perform three items (i.e., 5 tasks) with little guidance, although Note. a df = 1, 36.
physical assistance is provided when necessary and according to the guidelines set forth in the test manual (e.g., only when the intended action was clearly indicated by the participant, without making eye contact or conversation, etc.). The individual NAT Items include: (1) prepare toast with butter and jelly and coffee with cream and sugar; (2) wrap a gift while distractor objects are included on the tabletop; and (3) pack a lunchbox with a sandwich, snack, and a drink and pack a schoolbag with supplies for school while several necessary objects (e.g., thermos lids) are stored out of view in a drawer containing potentially distracting objects (e.g., spatula, thread). The objects needed for each item are presented in standardized locations in front of the participant on a large U-shaped table.
NAT performance of the dementia groups has been reported (Giovannetti et al., 2012 (Giovannetti et al., , 2015 . For the purpose of this study, the total number of NAT omission errors and NAT commission errors were included in correlation and regression analyses to determine the relations between everyday action semantics and action performance.
Informant report of ADL/IADL independence
Informants/caregivers who had at least weekly contact with the participant completed a measure of ADL/IADL independence (Lawton & Brody, 1969) . Higher scores on the ADL/ IADL informant report measure reflect greater independence in daily activities.
Episodic memory and executive functions
Traditional tests of episodic memory and executive function were administered and composite scores for each domain were calculated using z-scores derived from the entire group (i.e., AD + PDD) M and SD (see Supporting Information for list of tests and Giovannetti et al., 2012 Giovannetti et al., , 2015 .
Results
Dementia participants versus healthy controls on action knowledge tasks
The dementia groups performed worse than controls on all of the variables derived from the three everyday action semantic tasks, except Script Test total errors, even after controlling for age and education (all p ≤ .01; See Supporting Information).
AD versus PDD differences on action knowledge tasks
The mean scores on the Probe Test, Picture Sequencing Test, and Script Test for PDD and AD participants are shown in Table 6 . Contrary to prediction, the results of ANOVAs showed no effect of group on any of the Probe Test variables. A similar pattern of results was observed for the Picture Sequencing Test total errors and total physical errors. However, for Picture Sequencing Test conceptual errors, the effect of group was near significance, and the effect size was medium to large. The nature of the difference was contrary to prediction, as the PDD participants made more errors, particularly more conceptual sequencing errors, than the AD group. On the Script Test, there was a significant effect of group on total correct steps; although the difference did not reach significance for total crux steps, the effect size was medium. The results of the Script Test were consistent with predictions -PDD participants generated more correct and crux steps than AD participants. There was no effect of group on Script Test total errors.
Relations between semantic tests and demographic characteristics in the dementia groups
Correlation coefficients between the semantic tests (Probe Test, Picture Sequencing Test, Script Test) and demographic variables (age, education, and MMSE) are shown in Table 7 . The AD and PDD groups were combined into one dementia group for analyses. Results did not support the relations between task variables and demographics observed in controls (Table 4) . Only Probe Test variables (total correct, object items, and addition items) were significantly associated with MMSE (i.e., participants with higher MMSE scores had more correct responses). No other correlation coefficients were statistically significant, and even the strongest significant coefficient (Probe Test addition items 9 MMSE p = .009) did not survive Bonferroni correction for multiple analyses (.05/30; Bonferroni corrected p-value = .002).
Relations between semantic tests and measures of everyday functioning in the dementia groups Correlation coefficients between the semantic tests and NAT scores and Informant ADL ratings are shown in Table 7 . As predicted, all everyday action semantic test variables, except Picture Sequencing Test physically implausible sequence errors and Script Test errors, were significantly correlated with NAT omissions, such that worse performance on the semantic tasks was associated with more omission errors. Contrary to prediction, Picture Sequencing Test total errors also significantly correlated with NAT commission errors and Informant ADL/IADL ratings; individuals who made more errors on the Picture Sequencing Test made more NAT omission and NAT commission errors and were rated by their informant as being less independent in their activities of daily living. Following correction for multiple comparisons (.05/40; Bonferroni corrected p-value = .001), only Analyses of the Picture Sequencing Test showed that total errors and physically implausible sequences were correlated only with the Executive Control composite, such that worse performance on the Picture Sequencing Test was associated with worse executive control, but this relation did not survive correction for multiple comparisons. Conceptually implausible sequences were not correlated with either the Executive Control or Episodic Memory composite scores.
Linear regression analyses predicting everyday functioning in dementia As stated in the Introduction, a prior publication that included this sample as well as a group of participants with PD and no dementia showed that NAT omission errors were predicted by measures of episodic memory, whereas NAT commission errors were predicted by measures of executive function (Giovannetti et al., 2012) . One of the aims of this study was to know whether everyday semantic knowledge contributed to the prediction of everyday action errors along with episodic memory and executive functions. Lead by the results of the bivariate correlation analyses (Table 7) , primary variables from the action semantic tests that showed a statistically significant relation with NAT errors before correction (Probe Test total correct, Picture Sequencing Test total errors, Script Test total crux steps) were examined in a series of regression analyses. Conceptually implausible sequencing errors from the Picture Sequencing Test also was examined separately due to this variable's three important qualities: (1) group difference between PDD and AD (see Table 6 ), (2) significant correlations with everyday functional variables (see Table 7 ), and (3) lack of correlation with Episodic Memory and Executive Control composite scores (see Table 7 ). Because the Picture Sequencing Test conceptually implausible sequences was the only semantic variable that possessed all three of these qualities, we decided to also include this variable in further analyses.
Four regression analyses were performed with NAT omissions as the dependent variable and Episodic Memory and Executive Control composite scores as predictors (Table 8 ). The first regression also included the Probe Test total correct as a predictor and accounted for 37% of the variance; the Episodic Memory composite and Probe Test scores were equally strong predictors but just missed statistical significance. The second regression included the Picture Sequencing Test total error score as a predictor. As shown in Table 8 , the model accounted for 42% of the variance, and both the Episodic Memory composite and Picture Sequencing Test total errors were significant, independent predictors. The third regression included Picture Sequencing Test cconceptually implausible sequences as a predictor. This model accounted for 46% of the variance, and both Episodic Memory composite and conceptually implausible sequences were significant predictor variables. The fourth regression included Script Test total crux steps as a predictor; this model accounted for 43% of the variance, and the Episodic Memory composite was the only significant predictor variable. 1 Picture Sequencing Test total errors was the only everyday semantic task variable that was significantly correlated with NAT commission errors. Therefore, only one regression analysis was performed with NAT commissions as the dependent variable and Picture Sequencing Test total errors and cognitive composites as predictors. As shown in Table 9 , the model accounted for only 18% of the variance, with Picture Sequencing Test total errors as the only significant predictor variable. 1 To explore whether the predictors of NAT errors were differentially related to group membership, we conducted each of the regression analyses separately for the AD and the PDD groups. Most of the results were weaker, but the pattern of the findings remained consistent for both groups with one exception. The regression predicting NAT commissions was not statistically significant when run with only the AD group. This suggests that the relation between NAT commissions and the Picture Sequencing Test may be driven largely by the PDD group. However, these analyses were exploratory and should be interpreted cautiously.
Two final regressions were performed, predicting Informant IADL/ADL Rating. The first included Episodic Memory and Executive Control composite scores and Picture Sequencing Test total errors as predictor variables. As shown in Table 10 , the overall model did not reach statistical significance; however, Picture Sequencing Test total errors was a significant predictor. The second included Episodic Memory and Executive Control composite scores and Picture Sequencing Test conceptually implausible sequences as predictor variables. Again, the overall model did not reach statistical significance, but conceptually implausible sequences was a significant predictor variable.
GENERAL DISCUSSION
Three semantic tests to assess knowledge of everyday tasks were developed and piloted in a sample of healthy participants and subsequently used to examine differences between participants with AD and PDD as well as relations between everyday task knowledge and performance of everyday tasks in dementia. Based on data from healthy adults, we developed three tests of everyday semantic knowledge that were performed with nearly perfect accuracy and consistency across the healthy participants. Not surprisingly, the AD and PDD groups performed significantly worse than the healthy participants on all three tasks. Contrary to expectation, the PDD group did not outperform the AD group on all of the semantic knowledge tests. As predicted, scores on the semantic tests correlated with omission errors during everyday task completion (NAT), with scores on two of the semantic tasks (Picture Sequencing Test, Probe Test) predicting NAT omissions along with measures of episodic memory. Performance on the Picture Sequencing Test was associated with all of the measures of everyday function (NAT omission, NAT Commission, ADL/IADL Informant Ratings) and predicted everyday functioning as well as or better than cognitive tests of episodic memory and executive function.
Between-group analyses revealed that the AD and PDD groups performed similarly on most tasks of semantic knowledge. However, some group differences were observed, which were generally consistent with past reports. For example, the AD group generated significantly fewer correct steps and showed a trend for fewer crux steps on the Script Test. Past reports of AD participants show difficulties in generating task steps on script tasks (Allain et al. 2008; Grafman et al., 1991) ; by contrast, participants with PD are capable of generating task steps but experience difficulties in the serial ordering of steps (Zalla et al., 1998 (Zalla et al., , 2000 . The Script Test was the only open-ended task that required generation of a lengthy narrative, verbal response, and interestingly, the results mirrored the between-group differences observed in everyday action performance, where the AD group performed significantly fewer steps (omission errors) than the PDD group (see Giovannetti et al., 2012) . While it is possible that the group difference on the Script Test may reflect degraded semantic knowledge in the AD group (Allian et al., 2008; Grafman et al., 1991) , when considered in the light of several other results, an alternative explanation also may be plausible. That is, script performance was strongly correlated with measures of episodic memory, and Script Test total correct and total crux steps were significantly associated with NAT omission errors; however, in multiple linear regression models, Script Test performance was not an independent predictor of NAT omissions after accounting for variance explained by episodic memory. It is possible that the significantly worse performance by the AD group may reflect a deficit in generating actions over time due to the rapid decay of task goals (i.e., episodic memory impairment). Episodic memory difficulties, particularly when coupled with weakened task representations, could negatively affect both script generation and everyday activities.
The AD and PDD groups showed a trend for a difference on the Picture Sequencing Test, which has no generative demands and requires only the proper ordering of cards depicting key task steps. Here the PDD group made more errors than the AD group. Specifically, the PDD group made more conceptually implausible sequences -errors that were physically possible but were not correct or never made by controls. In a study by Cosentino et al. (2006) , conceptually implausible errors were observed most frequently in people with FTD-behavioural variant on a test of script comprehension, but they were also the most commonly observed sequence error among people with AD. We observed that unlike physically implausible sequences, which were significantly correlated with tests of executive control, conceptually implausible sequences did not correlate with measures of executive control or episodic memory but did correlate with measures of everyday functioning (i.e., NAT omissions and Informant ADL/IADL Ratings). In regression models, conceptually implausible sequences and the Episodic Memory composite both stood out as significant predictors of NAT omissions, but when predicting informant report of everyday functioning, conceptually implausible sequences emerged as the only significant predictor. Taken together, the results suggest that conceptually implausible errors may reflect a more purely semantic error of sequencing (i.e., degraded knowledge of the task sequence), whereas physically implausible sequences may be partially attributed to deficits in executive processes (i.e., poor monitoring or inattention to picture details, etc.). Furthermore, knowledge of task sequences may be particularly important for the completion of everyday task steps and independent daily functioning.
Both the Picture Sequencing Test (total errors and conceptually implausible sequences) and the Probe Test were associated with omission of key steps during everyday task performance (NAT). In multiple linear regression models, these tests uniquely predicted NAT omissions along with episodic memory scores, suggesting that the omission of task steps may be multidetermined and explained by both decay of task goals and degraded task knowledge in dementia.
Of all the variables from the three semantic tests, only Picture Sequencing Test total errors was significantly associated with commission errors during everyday task performance (NAT). Previous studies have shown that measures of executive control significantly predict commissions in multiple regression models (Allain et al., 2014; Giovannetti et al., 2008; Gold et al., 2015; Schmitter-Edgecombe, McAlister, & Weakley, 2012) , but our results showed that the Picture Sequencing Test total errors predicted commissions significantly better than traditional measures of executive control. Of note, the Picture Sequencing Test was the only semantic task that correlated only with the executive control measures; the Picture Sequencing Test total errors was not significantly associated with the Episodic Memory composite. The Picture Sequencing Test may assess serial ordering of everyday action that is not captured by executive tasks that require the sequencing of numbers, letters, or other stimuli (e.g., Digit Span, Trail Making Test). Furthermore, the strong relation between the Picture Sequencing Test and NAT commissions may be due to the fact that the majority of commission errors made by people with dementia involve mis-sequencing (Giovannetti, Libon, Buxbaum, & Schwartz, 2002) .
Performance on the Picture Sequencing Test (total errors, conceptually implausible sequences) correlated with informant report of everyday functioning and significantly predicted Informant ADL/IADL Ratings, while tests of executive function or episodic memory did not even emerge as significant predictors. A conceptual account for these particular findings remains uncertain at this time; however, the results have practical significance. The Picture Sequencing Test is the briefest measure of all three of the semantic tests, and it is very easy to score. Scores from the Picture Sequencing Test were not significantly associated with demographic characteristics (e.g., age, education) in either the healthy or dementia groups. Thus, the Picture Sequencing Test may be a highly efficient and valid, objective measure of functional abilities in people with dementia. Objective measures of everyday function are crucial for older adults with few years of education as well as older adults who live alone or do not have a reliable informant, especially within the context of differentiating MCI from dementia. The sequencing test appears to be a very promising tool in this area and warrants further research.
Taken together, the results of this study support and extend the Omission-Commission model, as scores on tests of semantic knowledge were differentially associated with omission errors versus commission errors during everyday task performance. In addition to showing the previously established association between omissions and episodic memory, the present results expand the Omission-Commission Model by revealing that task knowledge also is meaningfully associated with omission errors. Commission errors showed significantly weaker relations to cognitive scores and performance on tests of everyday task knowledge (see also Gold et al., 2015) . Contrary to past reports, executive tests did not predict commission errors in a model including scores on the sequencing task. Thus, commission errors in people with dementia may be best explained by impaired domain-specific serial ordering abilities (i.e., sequence knowledge or the ability to sequence everyday task steps).
Although this study addressed several important gaps in the current literature, it was not without limitations. First, our AD and PDD groups were small, precluding the ability to detect small, but potentially meaningful group differences on semantic knowledge tests. We also did not have samples large enough to examine possible AD or PDD subgroups (i.e., atypical AD or PDD variants). It is possible that more group differences may have been observed if participants were tested in the early stage of their illness (e.g., MCI, nondemented PD). Future studies with larger samples are needed before drawing firm conclusions regarding group differences on everyday action semantics. Second, the everyday action semantic tasks included stimuli and items drawn from the Naturalistic Action Test, which limits our ability to generalize our findings to other everyday activities. However, the fact that the sequencing task predicted caregiver report of functioning in the home and community on multiple tasks (e.g., finances, medication management) suggests that the abilities assessed with the sequencing task may generalize to a wider range of everyday activities. Finally, we acknowledge that many correlation analyses were performed increasing the risk for spurious results. However, the correlation coefficients between semantic tests and NAT omission errors were quite strong, showed a consistent pattern across multiple tests, and survived correction for multiple comparisons. The reported relations between the Picture Sequencing Test and NAT commissions and the Informant ADL/IADL Ratings should be interpreted with caution for several reasonsthese results were not predicted, they were relatively weaker than predicted results, and significant correlation coefficients did not survive correction for multiple comparisons. Thus, replication of these findings is necessary before the Picture Sequencing Test should be relied upon for clinical use.
These limitations notwithstanding, our results offer normative data and preliminary results with tests of everyday task knowledge. Additionally, our results suggesting degraded task knowledge influences functional impairment has implications for rehabilitation and the development of adaptive technologies to optimize functioning in people with dementia. For example, Bettcher et al. (2011) showed that brief training of everyday tasks just prior to performance significantly reduced errors and improved error detection in a sample of mixed dementia patients. This strategy may be most beneficial to individuals who demonstrate severely degraded task knowledge following objective and standardized assessment of everyday task knowledge. Future research should consider whether strengthening everyday semantic knowledge earlier in the course of the disease (i.e., at the MCI stage) may preclude or delay functional disability as the disease progresses.
